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Proliferating Cultured Human Keratinocytes Are More Susceptible
to Apoptosis Compared with Mouse Keratinocytes
To the Editor:
For decades, investigative cutaneous biologists have used
primary cultures of keratinocytes (KC) derived from both
normal human and mouse epidermis to delineate molecular
mechanisms regulating proliferation-, differentiation-, and
transformation-related events in skin (Milstone, 1987). Sur-
prisingly, direct comparisons between mouse and human
KC have only rarely been made (Balmain and Harris, 2000).
Rather, results obtained from murine transgenic or knockout
mice are frequently extrapolated to human diseases to de-
termine the extent of phenotypic similarity between humans
and mice. One example illustrating differences in the be-
havior of cultured mouse versus human KC involves cell
death and senescence. It has been previously noted that
mouse KC possess a higher frequency for escaping from
death pathways compared with human KC following a de-
fined number of population doublings (Newbold, 1997). In
addition, mouse KC are more easily immortalized compared
to human KC (Greenberg et al, 1998). Although the molec-
ular basis for differences in propensity to undergo sponta-
neous apoptosis have yet to be elucidated, there is
evidence that the ease with which mouse KC can be im-
mortalized is linked to higher telomerase levels and longer
telomeres in mice versus humans (Greenberg et al, 1998).
During the past 10 y, our lab has focused primarily on
characterizing the behavior of human KC, delineating mo-
lecular regulators of proliferation, apoptosis, and senes-
cence (Chaturvedi et al, 1999, 2003; Qin et al, 1999, 2001;
Nickoloff et al, 2000, 2002). Many of these responses in-
volved a role for p53, and post-transcriptionally modified
p53 residues such as serine-15 phosphorylation or lysine-
382 acetylation (Qin et al, 2002; Chaturvedi et al, 2004). A
recent report in which a constitutively activated p53 muta-
tion was introduced into mice conferred a phenotype char-
acterized by accelerated senescence of several organ
systems including the skin (Tyner et al, 2002). Furthermore,
we observed in cultured human KC that the susceptibility to
apoptosis was significantly influenced by the biological
state of these cells. For example, rapidly proliferating KC
were more susceptible to ultraviolet (UV) light-induced
apoptosis than KC that were growth arrested due to con-
fluency, calcium ion treatment, or following onset of repli-
cative senescence (Chaturvedi et al, 1999). Using human
skin explants, irradiated by UV light revealed the most vul-
nerable KC to undergo apoptosis were located in the un-
differentiated, basal layer of the epidermis (Qin et al, 2002).
Taken together, these results suggested that rapidly prolif-
erating, undifferentiated human KC might be prone to
apoptosis. To further explore this line of inquiry, we decided
to move beyond human KC, to also assess the behavior of
mouse KC. Therefore, we directly compared and contrasted
the relative susceptibility to apoptosis between human and
mouse KC in side-by-side experiments, and asked whether
the state of differentiation may be playing any role in the
responsiveness displayed between mouse and human KC.
By phase contrast microscopy, rapidly proliferating KC
from mice possessed a morphological appearance similar
to cultured human KC (Fig 1a). Under the culture conditions
for optimal cell growth, both types of KC divided approx-
imately equally once every 24 h. Although human KC had
limited re-plating capability following the onset of conflu-
ency due to accelerated senescence (Chaturvedi et al,
1999; Nickoloff et al, 2000), however, murine KC could be
easily passaged repeatedly following confluency (data not
shown) as previously observed (Hager et al, 1999; Caldelari
et al, 2000; Sanchez et al, 2004). Since we had previously
noted enhanced p53 levels and activity in human KC upon
reaching confluency, we examined the relative p53 levels in
mouse versus human KC at their confluent phase. Figure 1b
reveals markedly reduced p53 levels in mouse KC com-
pared with human KC under confluent conditions.
Next, we determined the relative apoptotic responses to
UV light irradiation for mouse versus human KC. Although
rapidly proliferating non-confluent human KC were suscep-
tible to UV light, the rapidly proliferating non-confluent
mouse KC were resistant to UV light (Fig 1c). Even when
analysis of cell death was extended from 24 to 48 h, rel-
atively few mouse KC were killed (10%) when exposed to
50 mJ per cm2 of UV light. Results portrayed represent
mean values (  standard error) for three independent experi-
ments. Differences between mouse and human KC at 24
and 48 h are statistically significant (po0.01; Student’s t
test). These results indicate an absolute resistance of
mouse KC to UV light, and not simply a delay in an oth-
erwise similar apoptotic response.
To determine if a DNA damaging agent such as ad-
riamycin would also differentially impact the apoptotic re-
sponse of human versus mouse KC, a kinetic analysis was
performed. Figure 1d reveals at 24 h following adriamycin
exposure that human KC were more susceptible to
apoptosis, which became even more pronounced after
48 h of incubation. Results portrayed represent mean values
(  standard error) for three independent experiments. Dif-
ferences between mouse and human KC at 24 and 48 h are
statistically significant (po0.01; Student’s t test). Similar
differences in apoptotic response were also observed whenAbbreviation: KC, keratinocytes
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the concentration of adriamycin was increased to 10 mg per
mL (data not shown). Figure 1d (inset) illustrates phase
contrast appearance of human and mouse KC 48 h follow-
ing exposure to adriamycin (10 mg per mL). Note the lack of
apoptotic mouse KC compared with human KC showing
typical apoptotic responses with membrane blebbing and
detachment from the culture surface.
Since the state of differentiation of KC may influence
their apoptotic susceptibility (Qin et al, 2002), we explored
the keratin 1 expression profile in mouse and human KC
grown under various calcium ion concentrations. In 0.07
mM calcium ion containing growth medium, only rare
(o1%) human KC express keratin 1, whereas the majority
of mouse KC express keratin 1 (Fig 2, upper panel). When
extracellular calcium ion concentration was increased to
0.12 mM, human KC became stratified, and keratin 1 ex-
pression became more widely distributed among the KC,
and virtually every mouse KC was keratin 1 positive (Fig 2,
middle panels). Further elevation of the extracellular calcium
ion concentration to 2.0 mM triggered a decrease in keratin
1 expression in both human and mouse KC (Fig 2, lower
panels).
Taken together, these results indicate that human KC
proliferate in a relatively less differentiated phenotype com-
pared with mouse KC as revealed by the keratin 1 expres-
sion pattern (Fig 2). Keratin 1 expression was selected
because it is an early marker of KC differentiation. Besides
differences in keratin 1 expression, we observed that human
KC were significantly more susceptible to apoptosis trig-
gered by either UV light or adriamycin (Figs 1c, d). Given the
Figure 1
Comparison of morphology and apoptotic susceptibility between human and mouse keratinocytes. (a) Phase contrast microscopic appear-
ance of proliferating human keratinocytes (KC) (left-side panel), isolated from neonatal foreskins and grown in a low calcium (0.07 mM), serum-free
medium (Clonetics, San Diego, California) as previously described (Qin et al, 1999), shares a similar morphological appearance with rapidly
proliferating mouse KC (right-side panel). Mouse KC cultures were derived from C57/BL6 mice (purchased from CELLnTEC; Berne, Switzerland) and
grown in serum-free media (EnT-02) containing 0.07 mM calcium. Both human and mouse KC were propagated in the absence of feeder cell layers.
(b) Western blot analysis for p53 levels contained within whole-cell protein extracts derived from either confluent human KC or murine KC. Protein
extraction and immunoblotting performed as described (Chaturvedi et al, 1999), with an anti-p53 ab that can recognize both human and murine p53
(PAb 240; Pharmingen, San Diego, California). (c) Apoptotic response of proliferating human and murine KC at 24 and 48 h after exposure to
ultraviolet (UV) light (50 mJ per cm2). Both human and mouse KC were exposed to UV light when they were between 30% and 50% confluent. The
output wavelength of the bulbs are 65% UVB, 34% UVA, and 1% UVC. The UV dose was monitored with an International Light (Newburyport,
Massachusetts) radiometer fitted with UVB detector. Determination of apoptosis was accomplished by DNA staining using propidium iodide
followed by detection of hypodiploid apoptotic cells (Sub-G0) using flow cytometry to analyze DNA content (Coulter Epics XL-MCL flow cytometer
Coulter Corp., Hialeah, Florida) as previously described (Qin et al, 1999). (d) Apoptotic response of proliferating human and mouse KC following
exposure to adriamycin (1 mg per mL) at 24 and 48 h. Inset: phase contrast microscopic appearance of proliferating human and mouse KC 24 h after
exposure to adriamycin (10 mg per mL). Note the lack of apoptotic mouse KC, but scattered human KC displaying plasma membrane blebbing and
partial detachment (inset).
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proapoptotic role for p53, the relative resistance of mouse
KC to apoptosis may reflect the lower constitutive p53 lev-
els in murine KC compared with human KC (Fig 1b). It is
currently unclear, however, if other molecular mediators are
differentially expressed by mouse versus human KC to ac-
count for the differences in apoptotic susceptibility. It
should be noted that chromosomal analysis revealed that
the murine KC were tetraploid (80 chromosomes per cell).
This result is consistent with the observation by Sanchez
et al, and additional studies are indicated to elucidate the
significance of polyploidy on the in vitro and in vivo behavior
of mouse KC. Thus, the chromosomal stability of mouse
versus human KC needs to be taken into consideration
when comparing the behavior of KC.
Based on these results, further studies are warranted to
determine the precise molecular basis for the remarkably
different senescent and apoptotic tendencies and vulner-
abilities between mouse and human KC. In the meantime,
Figure 2
Constitutive and calcium ion-inducible, keratin 1 expression detected in mouse and human keratinocytes (KC). KC were grown in eight-well
LabTek chamber slides and acetone fixed, followed by immunostaining to detect keratin 1 using a sensitive avidin–biotin immunoperoxidase-based
technique with 3-amino-4-ethylcarbazole as the chromogen to produce a positive red reaction product with 1% hematoxylin as the counterstain
(Vectastain Kit, Vector Labs, Burlingame, California) as previously described (Qin et al, 2002). Primary antibodies to detect keratin 1 were purchased
from Covance (Berkley, California), and included a rabbit anti-human keratin 1 antibody (PRB-149P) and rabbit anti-mouse keratin 1 antibody (PRB-
165P).
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caution is warranted on two fronts: first, in using mouse KC
in vitro as they may pose problems with interpretation of
data as standard KC culture systems may not be physio-
logically or functionally equivalent; and second, in extrap-
olating from mouse models to human skin disorders in
which apoptosis of epidermal KC is a phenotypic feature
under investigation. Finally, differences in the response to
apoptotic induction could be related to intrinsic differences
between murine and human cells or to differences in the
age of the donor, the site or origin of the cells, variable
proportions of adnexal or interfollicular KC, or to differences
in components in the standard culture media for murine and
human KC.
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